Background {#Sec1}
==========

Nearly 6 million people die prematurely from tobacco use every year, including those who are exposed to second-hand smoke \[[@CR1]\]. Smoking is the greatest risk factor to health in Organization for Economic Co-operation and Development (OECD) countries. Many tobacco control policies (public awareness campaign, bans on advertising, increased tobacco tax, expanded ban on smoking in public places, and counseling for smoking cessation) have been implemented with the aim of reducing smoking prevalence \[[@CR2]\]. Although the smoking rate in South Korea decreased from 24.0 % in 2006 to 23.2 % in 2011, the male smoking rate in South Korea of 41.6 % continues to be much higher than the average of OECD countries, with 25.7 % in 2011. The gender gap in the adult population of smokers was particularly large in South Korea, one of the countries having the highest smoking prevalence in male and the lowest smoking prevalence in female. In addition, while the average smoking rates in OECD countries declined by 21 % between 2000 and 2011, the smoking rate in South Korea over the same period decreased by 11 % \[[@CR3]\].

In 2015, the Korean government amended the 2003 National Health Enhancing Law and expanded smoke-free areas to include public places such as restaurants, cafes, and bars \[[@CR4]\]. Furthermore, the government raised the cigarette tax in 2004 and 2015. Despite these efforts to reduce the smoking rate, South Korea's anti-smoking policy ranked 25^th^ among 27 OECD countries \[[@CR5]\]. In addition, the government's policy has been criticized for achieving nothing besides increasing tax revenue and burdening low-income smokers \[[@CR6]\]. Even though the overall smoking rates have decreased in South Korea, socioeconomic inequality in smoking remains high \[[@CR7]--[@CR9]\]. In this study, we attempted to examine indicators of socioeconomic status (SES), particularly education and other factors which affect smoking cessation in Korean men.

The perception of smoking risks and social support for smoking cessation may differ between men with chronic disease and those without chronic disease. The intention and ability to quit smoking are influenced by the knowledge, skills, and social support for doing so \[[@CR10]\]. Although the Korean government has extended its anti-smoking policy, smoking cessation programs are mainly implemented by clinics and are not covered by National Health Insurance (NHI) \[[@CR11]\]. Korea lacks an effective public campaign to reduce its smoking rate and disparity with regard to smoking cessation \[[@CR12], [@CR13]\]. The subgroup analyses on the basis of chronic disease, which may affect intention and ability to quit smoking, may help accurately identify the priority population. Using longitudinal data for 4 years, we attempted to investigate inequalities in smoking cessation success by SES.

Methods {#Sec2}
=======

We used the four waves of the Korea Health Panel (2009, 2010, 2011, 2012) conducted by the National Health Insurance Service and the Korea Institute for Health and Social Affairs. The Korea Health Panel Survey is a longitudinal survey based on a representative sample of the entire nation. The original sample was selected using a 2-stage cluster. For the baseline survey conducted in 2009, 18,724 individuals from 6,243 households were surveyed by well-trained interviewers using face-to-face method. This study used current smokers in Korean men, who account for most smokers in Korea. Females may not accurately report smoking status because of cultural reason \[[@CR14]\]. Therefore we used 2,972 subjects who were current smokers among men aged 18 and older in 2009 as a baseline. Current smokers were defined as adults who reported having smoked at least 100 cigarettes in their lifetime and now smoking every day or some days at baseline \[[@CR15], [@CR16]\]. The baseline was followed up with 2,609 subjects in 2010, 2,446 in 2011, and 2,255 in 2012. In total, 7,310 person-years were analyzed.

Outcome measure: short-term success at smoking cessation {#Sec3}
--------------------------------------------------------

Short-term success at smoking cessation was assessed by surveying respondents who had not smoked for more than 6 months and were still not smoking \[[@CR16]\]. This study excluded former smokers and newly added smokers in the baseline study population. Smoking status was measured by asking respondents "Have you smoked at least 100 cigarettes in your life time?" and if respondents answered "yes", they were asked "Do you now smoke every day, some days, or not at all?" \[[@CR17]\] Those who reported having smoked at least 100 cigarettes in your lifetime and smoking at the time of the baseline survey in 2009 but not smoking at the time of the follow up survey were classified as former smokers. Smokers who reported smoking cigarettes every day or some days and former smokers who reported not smoking at the time of the survey but having not smoked for less than 6 months were considered current smokers. Incidence of smoking cessation for more than 6 months was measured at each follow up wave \[[@CR18]\].

Independent variables {#Sec4}
---------------------

The primary independent variables were socio-demographic (SES and marital status) and clinical (chronic disease) factors. SES included education level, income level and employment status. Education level was divided into three categories: low (middle school or less), moderate (high school), and high (college or higher). Income level also divided into three categories. Employment status divided into two categories (yes or no). Marital status was coded as never married, married, and widowed/divorced/separated. Chronic disease included the number of chronic diseases, cancers, and circulatory system diseases. The number of chronic diseases was asked, "How many chronic diseases do you have?" In addition, the list of chronic diseases was asked, "What kind of chronic disease do you have?" and "Have you been diagnosed with the disease by a physician?" We included cancer and circulatory system diseases which are major chronic diseases in Korea \[[@CR19]\].

Covariates used as categorical variables were age (18--44, 45--64, ≥65), health insurance (NHI, Medical aid), residential area (Metropolitan area, Others), cancers (No, Yes), circulatory system diseases (No, Yes), body mass index (BMI) (\<23, ≥23), and drinking frequency (Never, Monthly or less, 2 to 4 times a month, 2 to 3 times a week, 4 or more times a week) \[[@CR20]\]. The proposed cut-off value for BMI in Asian populations was 23 kg/m^2^ \[[@CR21]\]. Independent variables collected at the time of each wave were used in the analysis.

Statistical analysis {#Sec5}
--------------------

Chi-square test was used for descriptive statistics. This study was conducted using a generalized linear mixed model using smoking cessation between 2010 and 2012 as the dependent variable among smokers at the baseline in 2009. Excluding women, because the results of surveying women smokers may be underestimated, we focused on men aged 18 years and older at the time of the survey. To create a homogeneous group, we divided respondents by chronic disease and performed a subgroup analysis. SAS 9.4 was used for all analyses.

Results {#Sec6}
=======

The descriptive statistics in men stratified by smoking cessation for each wave are shown in Table [1](#Tab1){ref-type="table"}. Total number of male smokers was 2,971 at the baseline. Of the initial study sample, 2,609 individuals were followed up in 2010, 2,446 in 2011, and 2,255 in 2012. Among respondents who were followed up from 2010 to 2012, respondents who reported smoking cessation for more than 6 months were 7.2 % in 2010, 10.2 % in 2011, and 12.5 % in 2012. By age, smoking cessation was highest among men older than 65 years (8.4 % in 2009; 13.9 %, *p*-value = 0.0073 in 2010; 20.8 %, *p*-value \< 0.0001 in 2012). A higher proportion of married men reported smoking cessation (7.8 %, *p*-value = 0.0379 in 2010; 10.9 %, *p*-value = 0.0706 in 2011; 13.9 %, *p*-value = 0.0008 in 2012). Those having no chronic disease had the lowest probability of smoking cessation (6.2 %, *p*-value = 0.0476 in 2010; 8.3 %, *p*-value = 0.0013 in 2011; 9.2 %, *p*-value \< 0.0001 in 2012). In addition, men who were overweight or obese (BMI ≥ 23) (8.3 %, *p*-value = 0.00213 in 2010; 11.2 %, *p*-value = 0.0944 in 2011; 13.4 %, *p*-value = 0.1855 in 2012) reported a higher proportion of smoking cessation.Table 1Socio-demographic and clinical characteristics in male smokers between 2009 and 2012, by smoking cessation2009 (baseline)201020112012SmokingSmokingSmoking cessationSmokingSmoking cessationSmokingSmoking cessationNN(%)N(%)N(%)N(%)N(%)N(%)Age 18--441,4361,158(93.4)82(6.61)1044\*\*(91.6)96\*\*(8.42)942\*\*\*(90.0)104\*\*\*(9.9) 45--641,134926(92.6)74(7.40)841(89.0)104(11.0)764(87.6)108(12.4)  ≥65401338(91.6)31(8.40)311(86.2)50(13.9)267(79.2)70(20.8)Marital status Never married598466\*(95.5)22\*(4.51)410(92.8)32(7.2)383\*\*\*(93.0)29\*\*\*(7.04) Married2,2161,830(92.2)155(7.81)1,671(89.1)205(10.9)1,486(86.1)239(13.9) Widowed/ divorced/ separated157126(92.7)10(7.35)115(89.8)13(10.2)104(88.1)14(11.9)Health insurance type NHI2,8682,334(92.7)184(7.31)2,111(89.6)245(10.4)1,898(87.4)273(12.6) Medical aid10388(96.7)3(3.30)85(94.4)5(5.6)75(89.3)9(10.7)Residential area Metropolitan area1,3291,064(92.6)85(7.40)968(89.7)111(10.3)869(88.3)115(11.7) Others1,6421,358(93.0)102(6.99)1,228(89.8)139(10.2)1,104(86.9)167(13.1)Education  ≤ Middle school675565(93.2)41(6.77)522(89.4)62(10.6)459\*\*(83.5)91\*\*(16.6) High school1,146951(93.5)66(6.49)865(91.1)85(9.0)778(89.2)94(10.8)  ≥ College1,150906(91.9)80(8.11)809(88.7)103(11.3)736(88.4)97(11.6)Income level Low982830(94.4)49(5.57)756(90.8)77(9.2)687(88.2)92(11.8) Middle1,010813(92.6)65(7.40)739(89.7)85(10.3)675(88.7)86(11.3) High979779(91.4)73(8.57)701(88.9)88(11.2)611(85.5)104(14.6)Job No540438(94.0)28(6.01)399(89.7)46(10.3)360(87.4)52(12.6) Yes2,4311,984(92.6)159(7.42)1,797(89.8)204(10.2)1,613(87.5)230(12.5)Number of chronic disease 01,7241397\*(93.8)92\*(6.18)1259\*\*(91.7)114\*\*(8.30)1144\*\*\*(90.8)116\*\*\*(9.2) 1 \~ 2923758(91.0)75(9.00)692(87.8)96(12.2)621(85.0)110(15.1)  ≥3324267(93.0)20(6.97)245(86.0)40(14.0)208(78.8)56(21.2)Cancers No2,9532,408(92.9)185(7.13)2,186(89.9)246(10.1)1,962(87.6)279(12.5) Yes1814(87.5)2(12.50)10(71.4)4(28.6)11(78.6)3(21.4)Disease of the circulatory system No2,6172,131(92.8)165(7.19)1,935(90.1)213(9.9)1,738(88.0)237(12.0) Yes354291(93.0)22(7.03)261(87.6)37(12.4)235(83.9)45(16.1)BMI  \<231,3921138\*(94.1)71\*(5.87)1,027(90.9)103(9.1)930(88.5)121(11.5)  ≥231,5791,284(91.7)116(8.29)1,169(88.8)147(11.2)1,043(86.6)161(13.4)Drinking frequency Never347278(93.6)19(6.40)244(86.2)39(13.8)212\*\*(81.9)47\*\*(18.2) Monthly or less439371(95.9)16(4.13)325(90.8)33(9.2)309(90.1)34(9.9) 2 to 4 times a month840664(91.7)60(8.3)597(88.7)76(11.3)525(86.0)86(14.0) 2 to 3 times a week916752(92.3)63(7.7)701(91.5)65(8.5)630(89.9)71(10.1) 4 or more times a week429357(92.5)29(7.5)329(89.9)37(10.1)297(87.1)44(12.9)Total2,9712,422(92.8)187(7.17)2,196(89.8)250(10.2)1,973(87.5)282(12.5)\**p* \< 0.001, \*\* *p* \< 0.01, \*\*\**p* \< 0.05*P*-values are for chi-square tests

Results of a generalized linear mixed model for smoking cessation in men are shown in Table [2](#Tab2){ref-type="table"}. After adjusting for possible confounders, the table shows the association between marital status and smoking cessation. Smoking cessation was significantly higher for married men than for single men (OR = 1.994, 95 % CI = 1.407--2.828). Men with college or above were more likely to stop smoking than those with middle school or below (OR = 1.332, 95 % CI = 1.002--1.904). Higher income group also showed higher smoking cessation, but not significant (OR = 1.039, 95 % CI = 0.805--1.340 in men with middle income; OR = 1.144, 95 % CI = 0.864--1.515 in men with high income).Table 2A generalized linear mixed model: association between participant's characteristics and smoking cessation in menSmoking cessationOR95 % CIAge (years) 18--441.000 45--641.0580.7991.399  ≥651.4220.9372.159Marital status Never married1.000 Married1.9941.4072.828 Widowed/ divorced/ separated1.4360.8002.578Health insurance type NHI1.000 Medical aid0.8220.4581.473Residential area Metropolitan area1.000 Others0.9780.7871.214Education  ≤ Middle school1.000 High school1.1240.8111.558  ≥ College1.3321.0021.904Income level Low1.000 Middle1.0390.8051.340 High1.1440.8641.515Job No1.000 Yes1.0240.7761.352The number of chronic diseases 01.000 1 \~ 21.6621.2872.147  ≥32.2571.6163.154Cancers No1.000 Yes1.2000.4783.012Circulatory system diseases No1.000 Yes0.9420.6651.335BMI  \<231.000  ≥231.5291.2371.890Drinking frequency Never1.000 Monthly or less1.1080.7941.545 2 to 4 times a month8400.6901.312 2 to 3 times a week0.6640.4750.927 4 or more times a week0.4990.3380.738Year 20100.5640.4580.694 20110.7810.6420.950 20121.000

The number of chronic diseases showed a significant positive association with smoking cessation (OR = 1.662, 95 % CI = 1.287--2.147 in men with 1 \~ 2 chronic diseases; OR = 2.257, 95 % CI = 1.616--3.154 in men with 3 or more chronic diseases). The table also shows the association between men who are overweight or obese and smoking cessation (OR = 1.529, 95 % CI = 1.237--1.890). Men who drink alcohol 2 or more times a week were less likely to stop smoking than those who were not drinking (OR = 0.664, 95 % CI = 0.475--0.927 in 2 to 3 times a week; OR = 0.499, 95 % CI = 0.338--0.738 in 4 or more times a week).

Results of a generalized linear mixed model stratified by chronic disease are shown in Table [3](#Tab3){ref-type="table"}. In men without chronic disease, those older than 65 years were more likely to quit smoking cigarettes than those aged 18--44 years (OR = 2.754, 95 % CI = 1.185--6.406). Smoking cessation in men without chronic disease was significantly higher for men with high school or above than for those with middle school or below (OR = 2.133, 95 % CI = 1.006--4.520 in men with high school; OR = 2.187, 95 % CI = 1.005--4.763 in men with college or above). Men who were overweight or obese (BMI ≥ 23) were more likely to stop smoking than those with normal weight (OR = 1.597, 95 % CI = 1.161--2.196).Table 3A generalized linear mixed model: association between participant's characteristics and smoking cessation by chronic disease in menSmoking cessationHaving no chronic diseaseHaving chronic diseaseOR95 % CIOR95 % CIAge (years) 18--441.0001.000 45--641.2440.8451.8320.9640.6501.429  ≥652.7541.1846.4061.2230.7402.002Marital status Never married1.0001.000 Married1.6881.0802.5762.9631.5715.59 0 Widowed/ divorced/ separated0.6110.1762.1252.5231.1245.665Health insurance type NHI1.0001.000 Medical aid0.4430.0513.8670.9080.4871.693Residential area Metropolitan area1.0001.000 Others0.9380.6821.2881.0040.7521.340Education  ≤ Middle school1.0001.000 High school2.1331.0064.5200.9230.6351.341  ≥ College2.1871.0054.7631.2430.8101.907Income level Low1.0001.000 Middle0.9110.6051.3731.1360.8231.568 High1.1780.7751.7891.0820.7431.577Job No1.0001.000 Yes1.2620.7882.0020.8980.6401.262BMI  \<231.0001.000  ≥231.5971.1612.1961.5251.1542.016Drinking frequency Never1.0001.000 Monthly or less0.9710.5581.6891.1920.7871.804 2 to 4 times a month0.9340.5521.5810.8460.5621.27 4 2 to 3 times a week0.4550.2590.8000.7950.5291.196 4 or more times a week0.3810.1890.7660.5370.3370.856Year 20100.8120.5881.1200.4350.3300.572 20110.9010.6531.2420.7130.5560.913 20121.0001.000

In terms of men with chronic disease, smoking cessation increased significantly between 2010 and 2012. In addition, smoking cessation in men with chronic disease was significantly higher for those who were married or widowed/divorced/separated than those who were never married (OR = 2.963, 95 % CI = 1.571--5.590 in married men; OR = 2.523, 95 % CI = 1.124--5.665). The table also shows that men who were overweight or obese (BMI ≥ 23) were more likely to quit smoking than those with normal weight (OR = 1.525, 95 % CI = 1.154--2.016).

Discussion {#Sec7}
==========

The objective of this study was to investigate the socio-demographic and clinical factors contributing to smoking cessation among male smokers in Korean society. We found that in general, among Korean male smokers, marital status, educational level, and chronic disease were associated with success in smoking cessation. However, income differences in smoking cessation were not found in our study. In terms of men without chronic disease, among overall male smokers, men with low education attainment showed a lower rate of smoking cessation than those with high education attainment. However, among men with chronic disease, inequality in smoking cessation success showed significant association with marital status, not with educational level.

Because of cultural differences in smoking, government policies, and the gender gap, the factors contributing to smoking cessation among Korean male smokers are different from those contributing to smoking cessation other counties. In Korea, there is an old saying. "Never be friends with a person who has quit smoking," which implies that successful ex-smokers are so bitter that it is hard to get along with them. Thus, Korean male smokers undoubtedly have some negative views on smoking cessation. Furthermore, the Korean government has a complicated relationship with the tobacco industry. The government control the profits from cigarette sales which are transferred to the public purse, but at the same time, the government's public role is to improve public health and it also has a social responsibility to do the same \[[@CR12]\]. The government's policy has been criticized for filling the tax deficit with the extra tobacco tax and achieving nothing besides increasing tax revenue \[[@CR6]\]. In addition, the gender gap in smoking rates is particularly pronounced in Korea \[[@CR3]\]. Therefore, well-studied factors relevant to Korean society are necessary to effectively reduce its smoking rates and the disparity in smoking cessation.

A low educational level is a well-known factor associated with smoking \[[@CR22]--[@CR24]\]. With regard to education, this study showed that a high level of education was related to success in quitting smoking among Korean male smokers. In addition, smoking cessation is a preventive approach rather than a treatment for men without chronic disease, thus education is an important factor, particularly for them.

Marital status was an important factor in smoking cessation among Korean men, especially for those with chronic disease \[[@CR25]\]. Smoking cessation showed a positive association with being both married and divorced/widowed/separated \[[@CR26]\]. This result might indicate that in Korea, married men with chronic disease receive more social support from their spouse or other family members than never married men with chronic disease in Korea. Korean society has a unique medical culture, wherein most caregivers of patients are family members. Therefore, family support may greatly enhance smoking cessation, especially in the Korean family culture. In addition, in Korea, smoking cessation programs are primarily implemented by clinics and are not free of charge. Therefore, men with chronic disease may have more opportunities to receive advice from health professionals than those without chronic disease even those with a low educational level. Therefore, in Korean society, in the case of men with chronic disease, marital status could be a better predictor of smoking cessation than education.

In the current study, smoking cessation success in Korean male smokers was significantly associated with educational level but not with household income. Many studies conducted in the United States and Europe have shown the association between smoking cessation and income \[[@CR27], [@CR28]\]. Contrary to these results, some studies have shown that inequalities in smoking were clearer with education than current income \[[@CR29], [@CR30]\]. Because of cultural differences regarding smoking, tobacco control policies, and inequality in smoking rates, the results of these studies are difficult to generalize to other East Asian countries. Another possible explanation for the inequality in smoking cessation is the Korean government's 2004 tobacco price increase enforcement \[[@CR31], [@CR32]\]. According to recent studies, effect on inequalities can differ depending on the type of tobacco control policies \[[@CR33]\]. Tobacco price increase was likely to reduce smoking among low-income people \[[@CR34]\]. Therefore, raising tobacco taxes had mainly a positive equity impact which reduced inequalities \[[@CR35]\].

There are several limitations associated with this study. First, smoking cessation was measured by self-reported data without biological validation. The limitation of this survey method may result in under-reporting of smoking. Second, this study has the difficulty in generalising the results beyond South Korean male smokers. Because this study included only male smokers aged 18 and older at the baseline, differences could not be determined according to gender. Self-reported smoking prevalence in women was too low to analyze, thus women were not included in this study. Third, the data used in this study provide no information on nicotine dependence, sophisticated measure of smoking behavior, and adherence to smoking cessation treatment. However, it includes duration of smoking cessation, which makes measurement of success of smoking cessation possible. Fourth, although we used panel data, we suggest the need for caution in interpreting the results of this study. The analysis proves the association but not causality.

However, this study has several strengths. A more refined measure of smoking cessation was used in this study compared with the previous studies, with questions on never/current/former smoking and length of time since smoking cessation. Most studies defined smoking cessation without the duration of smoking cessation \[[@CR26], [@CR36]\]. In addition, two potentially separate stages are included in the process of smoking cessation. The important factors of quit attempt and success in quit attempt may be different. This study focused on factors related to success in smoking cessation. However, in most previous studies these two stages were not separated. Another strength of this study relates to its relatively large sample size and the longitudinal nature of the data providing a good indicator of successful smoking cessation. In addition, excluding respondents who had already quit smoking in the baseline, we tried to control confounders that had existed before the observation. Finally, we used a refined measure of chronic disease as the number of chronic diseases, prevalence of cancers, and prevalence of circulatory system diseases. Many studies on the effects of smoking cessation on chronic disease have been reported. However, in most studies on the association between smoking cessation and SES, chronic disease was not controlled \[[@CR18], [@CR37], [@CR38]\].

Conclusion {#Sec8}
==========

The results of this study showed that there are differences in possibility of smoking cessation success according to marital status, educational level, and chronic disease. The number of chronic diseases influences immediate health needs for treatment, so that smoking cessation can differ between men with chronic disease and those without chronic disease. After stratifying for chronic disease, educational level was a crucial factor of smoking cessation, which is a preventive approach for men without chronic disease. However, among men with chronic disease, marital status was an important social support for smoking cessation that is needed immediately for treatment of chronic disease. However, more studies on the differences of the impact of education and marital status by chronic disease are needed. In addition, differences in smoking cessation may add to inequality in smoking rate. Therefore, we suggest that effective intervention for the disadvantaged group (unmarried smokers and low educated smokers) should be a priority of tobacco control policies to improve smoking cessation.
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